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I NTRODUCTION 
During the pa s t  quarter century , the uti l i za tion of lagoons as a 
means of  wa s te treatment has increased dramati ca l.ly ( 1 ) . Communities 
whi ch uti l i z e  this  means o f  wa ste trea tment tend to c ons ider the s ewage 
lagoon as  providing compl ete or final treatment . Con s idera tion wa s not 
given to probl ems caused by the treated wa ste a fter it  wa s removed from 
the immedi a te . environment . 
In  the pa s t  few years there has been an increas ing dema nd tha t the 
environment be protected , and the methods of wa ste dispos a l  have come 
under s crutiny . I t  ha s ·been found tha t the el ements caus ing  eutrophi -
cation of  lakes  and res ervoirs exi st in substantia l  amounts in stabi -
l i zed sewage  effluent ( 2 ) . The increa sed publ i c  awareness  ha s ful f il led 
the urgent necess ity o f  motivating peopl e to conserve a nd protect  
na tura l re s ources .  Al though surface wa ters have been the pr imary con-
cern , more considerati on should  be accorded the bene f i c i a l  uses  and 
public hea l th a s pects o f  groundwa ter contamina tion . 
I n  South Dakota , groundwa ter is  the princ ipa l s ource o f  water 
because approxima tely  two -thirds of the tota l wa ter used or i g ina tes 
from groundwater s ources  (3) . Cons idering that about 20 per cent of  
the s ewage  l agoons leak  excess ive ly  ( 4-12), there is  a disti nct pos s i - J 
bil ity that the groundwa ter near s ome la goons ma y become c ontamina ted . 
Because the importance of ma inta ining the quality o f  groundwa ter 
-
res ources cannot be di sregarded , it  was felt tha t a s tudy involving 
· the pos sibil ity of a sewa ge lagoon contamina ting the groundwa ter wa s 
in order . Cons equently ,  the Civil Engineering Department a t  South 
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Da kota Sta te Un ivers ity undertook the study as  an  extens1on o f  their 
work in groundwa ter contamination caused by wa st.e di spos a l  pra ctices . 
The obj ectives for thi s s tudy were a s · fol lows : 
1 .  To determine the degradation of groundwa·ter qua l ity in the 
vicinity of selected sewa ge la goons by mea suring the chl orides; 
spe c i f i c  c onductance , pH , ha rdness , sodium ,  COD , ni trates and 
phospha tes . 
2 .  To determ.ine the quantity o f  seepage from· selected s ewa ge 
la goons by cal cula ting a water balance , whi c h  inc ludes 
evapora tion, prec ipita tion , the discharge from the la goon 
a nd the amount of sewage pumped to the la goon • 
. / 
LITERATURE REVIEW 
In  e a s tern South Dakota , two particular  area s  of c oncern rela ting 
to groundwa ter qua l ity have been solid wa stes disposal  s ites and sewage 
lagoons ( 2, 4, 5) . I n  reference to groundwa ter qua l1ty , contamina tion 
is a specific type of pol lution involving the entra nce into the water 
of toxic ma teria l s , ba cteria , or other deleterious substanc es which 
render the wa ter unfit for its intended us e ( 6 ,  7) . 
Various  uses for sur face  wa ter include domestic  wa ter suppl y ,  
fish l i fe propagation , recreation , wildl ife propa ga tion , irrigation , 
corrunerce and indus try , and intermittent stream . Standards were estab­
l ished for benefic i a l  us es of inters tate surface wa ters for South 
Da kota as  a resul t of  the Wa ter Qua lity Act of  1965 ( 8) .  Al though 
standards have not been set  for uses of groundwa -ter , the Pre s ident o f  
the United Sta tes , in his messa ge t o  Congres s ,  sa id, " I  again propose 
tha t the Federal-Sta te wa ter qua l ity program be extended to cover a l l  
navigabl e wa ters and their tr ibutaries , ground waters and wa ters o f  
the contiguous zone ( 9) . "  Standards for u�es o f  wa ter for dri?king 
and irrigation purposes  for a l l  sources have been def i ned by the United 
Sta tes Public Hea l th S�rvice ( 10) and the United Sta tes S a linity Labora ­
tory ( 1 1-106) . 
Movement o f  Groundwater Contamina tion 
When a waste ha s been pla ced upon the land ,  there exists a poten­
tia l for the occurrence of  groundwa ter degradation . The s oil permea­
bility , the wa ter c onditions , the s l ope of  the groundwater tabl e , and 
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the type of c ontaminant--a l l  a ffect the extent of  movement  of the ·pol -
lution ( 2 ) .  Clay  s o i l s  more than sands and grave ls  l imit the extent 
of  travel of groundwa ter c ontaminants ( 12 ) , and chemic a l  po lluta nts 
genera l l y  trave l further tha n do ba cteria l pol lutants (13- 1 10 ) .  
A l l  other conditions be ing equal , the wa ter ta bl e conditioris in-
elude depth to the water table , distance to the po int of  wi thdrawa l , 
and the wa ter tabl e gradient . A wa ter table located c l ose  to the sur-
face  of the ground would be subj ect to grea ter potentia l of c ontamina -
tion bec ause the c ontami nants would have l es s  di�ta nce to travel ·  to 
enter the aqu ifer . In  order for damage to re sult , the c on tamina nts 
mus t  move to some po int of withdrawa l where the wa ter is u sed . As the 
dista nce increa ses , the chance  of damage occurring bec omes l es s  because 
of the dilutiona l effects of the groundwa ter , dispersion in the ground-
water , a nd the remova l of contamina ti on by soil sorption ( 5 ) . 
A guide for eva lua t ing the movement of  groundwa ter thr ough the 
soil has been the Darcy equation , ( 1 4 ) : 
v = ks  
Where: 
v. = the veloc ity of the groundwa ter 
k = the permeabi l i ty coefficient of the soil  
s = the hydraul i c  gra dient 
The types o f  contaminants may be classif ied a s  biolog i c a l , inor­
ganic chemica l ,  or organic  chemical . Biologica l  contaminants , which  
are  viruses  or  ba c teria , spread  from a source of c ontamina tion in the 
direction of the wa ter flow in the aqui fer . The ba c teria are usua l ly 
retained in the fir s t  few feet of the soil  and se ldom migra te more than 
100 feet in  the aqui fer ( 1 5-182 ) . 
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The inorganic chemical  parameters of  chl oride , n itra te , and phos­
phate ha ve been used to del inea te changes in groundwater qua l ity that 
may indicate the presence or absence of groundwater c ontamina ti on 
( 15,  1 6 ,  17) . The chl oride concentration in percola ting groundwa ter 
depends upon dilution or evapora tion. The chl oride ion is us ed as a 
tra cer because i t  is  not affected by sorption or by other phys i cal or 
chemi cal  phenomena ( 1 1-23) . The nitrate concentration depends upon 
the presence or absence o f  free mol�cular oxygen . Denitr i fica tion 
occurs when anaerobic c onditions are present and the ba cteria reduc e  
the nitrogen forms t o  nitrogen ga s . When aerobic c ondi tions exist , the 
nitrogen forms are oxidi zed to nitrates by e ither nitr ogen f ixing bac­
teria or n i tri fying ba cteria ( 19-421) . Sorption is the princ ipa l 
phenomena tha t a ffects the phosphate concentration in groundwa ter 
trave l ing through the s oi l . The phospha te ion is ads orbed by s o i l s  
over a wide pH range ( 17) . Other inorga nic chemi cals  a s s oc ia ted with 
groundwa ter contamina ti on are rad ionucl ides a nd toxic inorganic  chemi ­
cal s . When groundwa ter has been contamina ted with such chemi ca l s , the 
water qua l ity is impa ir�d� a nd the wa ter source  probably wou ld not be 
accepta ble for dome stic  use  ( 15-43) . 
Organ i c  chemic a l  c ontaminants include a wide variety o f  
. c ompounds , 
many of  which  are toxi c . Fa ctors which have contributed to the c on­
tamina tion of groundwa ter by organic chemica l s  are the per si stence  of_ 
s ome o f  the contamina nts , acc idents ,  careles snes s , and the widespread 
use o f  organic  c ompounds ( 18-189) . Some organic  chemica l s  to which  
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ins tances o f  c ontamina tion have been a ttributed are petrol eum produ c ts , 
petro chemica l s , deterg ents , an? phenol ic compounds ( 15-5 1 ) • . 
Seepage from Sta bi l iza tion Pond s 
The l o s s  o f  wa s tewa ter from a lagoon by seepage  indicates  tha t the 
wa ter i s  percola ting to the groundwa ter tabl e which may result  in the 
deteri ora tion o f  the wa ter qual ity .  Because of seepage  there is the 
potentia l for the �ccurrence of  groundwa ter contamina tion near some 
lagoons , a nd therefore potentia l us�s of the groundwa ter may become 
jeopardi zed . 
Probl ems  a s soci a ted with s ewa,ge lagoons could be c l a s s i fied as 
treatment probl ems , nu i s a nce probl ems , or contamination probl ems . 
Odors , mosqu i to produc tion , pond vegetation , groundwa ter c on tamina tion 
and satura ted a gricu l tura l lands are a l l  common probl ems particularly  
as soc ia ted with lagoon seepage ( 5 ) . 
In  1 957 f ive lagoons in the Dakota s  were reported a s  exhibiting 
seepage ( 20 ) , a nd in 1 960 four ponds in Nebra ska were compl etely  dry a s  
a resul t o f  exc e s s ive s eepage  ( 21 ) . I n  South Da kota , dur ing a . study in 
1967 , a pproxima tely 20 per cent of  a l l  sewa ge lagoons exhibited exc es­
s ive seepa ge ( 4- 1 2 ) . 
In  Tieton , . Wa shington , a spec i fic  inc ident of  groundwa ter c ontamin ­
a tion occurred near a s ewa ge la goon . I n  this  ins tanc e ,  a l ega l j udg ­
ment wa s awarded to the pla inti ff a s  the result  o f  tjama ges  to domestic  
wa ter suppl i e s  in the immed ia te area as  mea sured by chemic a l  and 
ba cteria l parameters ( 1 5-83 ) . 
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The extent of  seepage can be determined , as shown in the fol l ow­
ing equati on, by computing a water ba lance in which the i nf l ows and 
outfl ows from the l agoon are mea sured: 
Infl ow - Outflow = Seepage · 
The inflow consists o f  the amount of ra infa l l  and the wastewa ter flow 
entering the stabi l i za tion pond . The outfl ow consists of pond efflu­
ent , evaporation , a nd perc olation l osses . 
In 1 955,a bal ance  of  fl ow was estima ted for five la goons in North 
and South Dakota , and on a da i l y  basis the seepa ge ranged from 0 . 0145 
inches to 0 . 202  inches ( 20 ) . During 1967 , the seepag� ra tes measured 
a t  a number o f  South Dakota ponds ranged from 0 . 00083 i nches per day to 
1 . 365 i nches per day ( 4-10 ) . 
Seepage Contr ol in Lagoons 
Of the fa ctors whi ch should  be considered during l a goon site se­
lecti on , probably the most important and most difficu l t  factor �o 
eva lua te is  the c ondition of  the soil . The conditi on o f  the so i l  a f­
fects the retention of wastewater in the po.nd , the percola tion ra te of 
the water through the soil ,  and the remova l of any contamina nt as the 
water perc ola tes through the soi l . 
Table 1 summari zes informa tion publ ished by the S o i l  Conserva ti on 
Servi ce  of the United Sta tes Department of Agriculture regarding the 
eva lua tion of the condition of the soil  for stabi l i�ation ponds . The 
various so i l  ratings for sta bi l ization ponds under this c la ssif ic a ti on 
system are as  fol lows: 
TABLE 1 .  Soil Limitation Ratings for ·sewage Lagoons ( 22) . 
Soil  Prop0rties 
Permeability 
Depth to Bedrock 
Slope 
Reservoir site material 
( unified grouping ) * 
Coarse fragments, under·6 inches 
in diameter, ·by volume 
Per cent of surf ace  area covered 
by coarse fra gments over 
6 inches in diameter 
Orga nic ma tter 
* Refer to reference for description . 
Slight 
Les s than . 60 
inches/hr . 
Over 60 inches 
less  than 2% 
GC , SC, Cl, CH 
less than 20% 
less than 3% 
less tha n 2% 
L imita tions Clas s  
Modera te 









over 2 . 0 
inches/hr . 
les s  than 
40 inches 
over 7% 
GP, SW, SP, OL , OH 
grea ter than 50% 
greater than 1 5% 
grea ter than 15% 
()) 
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Permeabi l ity of  soil material a t  re servoir site • • •  s o i l s  
c la s s i f i ed i n  the uni fi ed s oi l s  c lassif ica tion s ystem are 
grouped into three c l as ses  according to their "degree of  l imi­
tation·u for a sewage  lagoon s i te .  The "slight" limitation cla s s  
includes so ils effective in function ing a s  sealed bas in floors 
a nd are l ow in organic  ma tter . So ils in the "modera te" l im i - · 
tation c lasses  are those that require speci�l pra ctices  or 
treatment to modify s o i l  l imitations  so they qualify for use  a s  
sewage l agoons . 
The deve lopment of better soil  evalua tion techniques and c om-
pa cti on methods may hel p  in s olving the la goon seepage  problem . .Another 
s oluti on ha s been to uti l i ze sealants when seepa ge ha s been e xcessive .  
Bentonite, a sphalt, rubber l iners, and chemica l  dispersants have all 
been utili zed to minimi ze seepa ge ( 14) . · 
The rela tion of i on exchange capa city and the permeabil ity of  a 
soil are important c oncepts . Clay  minera l s  are negative l y  charged , a nd 
a cla y  s oi l  particle ha s the ability to hold several cations a t  onc e .  
, The cations may be displa c ed by other ca tions i n  percola ting wa ter and 
the s o i l  s tru cture may change, resulting in either a more dispers ed or 
more floccula ted soil . A dispersed S?i l ha s a lower permeabi l ity than  
a floccula ted soil  because of the orderl y  arrangement of  soil  pa rtic les  
that res i s t  gra vita tiona l and seepage forces . As the sodium ads or pti on 
ratio ( S.AR) increa ses (23) or when sodium is greater than 50-60 per cent 
(20) of the major cations in the wa ter, the probabil i ty tha t the c lay  
soil  particles are  ma inta i ned in a defloccul a ted s ta te increa s e s . 
In South Dakota there were 12  ponds in which sea lants have been 
u sed . E ight ponds were sea l ed with clay, three with bentonite clay, 
a nd one with a spha l t .  Three of  the ponds sealed with clay  were reported 
to be reta ining wa ter , a nd the rema ining had evidence of s e epage ( 5) .  
Experi ence with ·bentoni te in extremely sandy soil  proved to be 
unsa tisfactory ( 24) . 
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Improved design a nd construction methods and sea lants have been 
proposed a s  possibl e solutions to the probl em of pond l ea ka ge (5 , 1 4 ) . 
The uti l i za ti on of  sea lants ,  thus far , ha s yielded mixed resu l ts ( 5 ) . 
The soi l  conditions existing a t  a particular lagoon site are  the l imi t­
ing fac tor in the uti l i za tion of sea lants to minimi z e  pond seepage . 
I NVESTIGATION SI TES 
I n  thi s  study five s tabil i za tion pond s i te s  were inve s t iga ted . 
Ea ch s ite e xc ept the Brookings l a goon ha s had a his tory o f  e xc es s ive 
s eepage .  
Brookings S ite 
The Brookings lagoon , l oca ted we st of  Brookings adj a c ent  to S ix­
Mile  Creek , wa s cons tructed in 1 968 to receive wa s tewater from a 
trickl ing f i l ter pl ant. The la goon , which wa s sea led with bentonite 
clay ,  c ons i s ts of  two c e l l s  opera ted in seri e s  with a tota l surfa c e  
area o f  27 . 33 a cres (25) . 
Topography surrounding the Brookings lagoon cons i s ts of  ground 
tha t s l opes  in a northerly.direction . The maximum ground eleva ti on is  
a pproxima tely 1 , 620 feet  a bove sea  level adj ac ent to  the d i ke a l ong the 
south end of the l agoon . The na tura l ground elevati ons gradua l ly de­
crease  until  a l ow point of  approxima te ly  1 , 600 feet e l eva tion is  
rea ched near  the northwes tern corner of  the l a goon (Figure 1 ) .  
Al though the lagoon wa s sea l ed with beritonite c la y , there were 
two area s surrounding the la goon which rema ined swampy throughout the 
.s ampl ing period . The swampy area s may have resulted from s e epa ge  from 
the l agoon . 
The points of s ampl ing were a s  indica ted in Figure 1 .  The we l l  
points cons isted o f  li- in . -diameter galvanized' iron p ipe whi ch  inter­
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· F igure 1 .  Diagram of  the Brookings stabi l i za tion l a goon showing 
the loca ti on of sampl ing points and the g enera l ground 
el eva ti ons . 
1 2  
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sha l l ow wel l which a l lowed collection of  additiona l da ta as  the resul t 
of  chemical  a na lyses . 
Because of  the a pparent l ow permeability of  the s o i l  a t  the la goon 
s ite , the wel l  points c ou ld not be purged by pumping . Therefore.the 
wa ter.proba bly  had been within the well point for a period o f  time . 
The s ampl ing program wa s initiated in February, 1971 with samples c o l ­
lected a t  monthly interva l s . 
Mi lbank S i te 
Mi lba nk is  a sma l l  c ity located in northea s tern S ou th Da kota . The 
trea tment fa c i l i ties c ons i s t  of  a trickl ing filter plant fol l owed by 
two 14-a cre s tabi l iza tion ponds operated in s er ies.  I n  a dd i ti on to 
domestic was tes , the trea tment plant receives a maj or portion of its 
wa ste load from a cheese fa ctory and a mea t pa cking plant (26-20 ) . 
The stabil i za ti on ponds were constructed in 1 96 1 , and a seepage 
interception sys tem wa s insta l led in 1965 because there wa s evidence of 
satura ted s o i l  conditi ons in  adj a cent agricu l tura l fields. As shown in 
F igure 2, the underdra ins were ins tal led a l�ng portions of the �est , 
south , and ea s t  l a goon d ikes a bout 80 feet from the lagoon surface  
(26-20 ) .  
During a previous investiga tion (26 ) the flow from the s outhwest 
underdra in wa s mea sured at 0 . 07 mgd; the c ombined discha rge  from the 
ea s t  underdra in a nd the l agoon overflow wa s mea sure� a t  0 . 28 mgd. The 
average da i l y  flow a t  the treatment plant during th�-investigation wa s 
0 . 56 mgd . Ba sed on these f igures , a large porti on o f  the i nfluent to 
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Figure 2 .  D i a gram of  the Mi lbank s tabi l i zation l a goon s howin g  
l oca tion of  sampl ing points. 
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the l a goon wa s l ost by seepa ge . The seepa ge apparently percol a tes 
through a sma l l  s and and gravel lens which is about one foot thick and 
l ocated about two feet  bel ow the origina l ground surfa c e  ( 26-20). 
Grab sampl es were col lected by the wa stewater opera tor a t  the two 
sampling points and ma iled to the University a t  three monthly  interva l s 
from September to November , 1 971. 
Beresford S i te 
Beres ford is  a sma l l  c ommunity loca ted in southeastern S outh 
Da kota . The la goon received storm sewage in addition to domestic  
sewage until  1 968 , when the sewage col lec tion system was modi f ied to  
exclude storm sewage . The ponds were constructed in 1 955 a nd are  8 . 5 
and 8 .0 a cres in s i ze (�6-22 ) . 
In the s pring of  1 96� a tile underdra in wa s insta l led 8Q feet 
from the l agoon surfa ce al ong the toe of the north dike (Figure 3). 
As in Mi lbank , the obj ective of  this  instal lati on wa s to intercept 
seepage and to reduce satura ted soil conditions in adj a cent a gricu l ­
tura l fields� I n  norma l opera tion the cel l s.do n o t  overfl ow; however , 
the operator draws the cel l s  down from a l iquid  depth o f  3� f e et to a 
depth of � feet in the spring and fa l l  (26-22). 
Ba sed on an influent of 123 a cre -feet per year and 3 3  a cr e - feet 
of ef fluent dis charged from the lagoon per year in addi tion to 16 a cre­
feet of exces s evaporation exc eeding precipita tion per year , the 
seepa ge of about 74 a cre - feet appears to be very importa nt a t  thi s  
si te (26-24) . 
Underdra in 
Sampl e P o int 
Ou tl et 
Structure------n.�� 
Sample P o int 





Sampl ing P oints - o 
No Sca l e  
Equa l izer 
P i pe 
8 . 5 Acres  
S ewer 
I nl et 
F igure 3 .  Dia gram of  the Beres ford stabi l ization l a g oon showing 
l oca ti on o f  sampl ing points . 
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Grab  sampl e s  were col l ected from two sampl ing s ta tions each  month 
from September to November by the wa stewater ope�ator and ma iled  to 
the Univers ity .  As shown in Figure 3, the sampl ing points were the 
lagoon outfal l  and the ti l e  underdrain ou tfa l l . 
Volga Site 
The Volga  s ite cons ists of  three 7-a cre cell s a nd two a era ted 
cell s .  The thre e 7-acre cells  were constructed in 1 959 to receive 
industrial and domes tic  wa s tes . Th� a era ted ponds were added in 1 970 . 
The da ily d i scharge of industrial  wastes from the creamery wa s 1 50,000 
gall ons dur ing 1 970 (26-1 5) .  
D i fficul ty has been encountered i n  ma inta ining proper opera ting 
depths in the cel l s  throughout the l i fe of  the three  7-a cre ponds . 
Excess ive seepa ge ha s resu l ted in satura ted s oil conditions in adj a cent 
a gricul tura l fields . For thi s  rea son ,  an intercepting trench wa s ex­
cavated al ong the south s ide of the l agoon ( Figure 4) . The north cell  
wa s initial ly treated wi th a spha l t  and apparently ha s been s ealed suf­
ficiently to ma inta in a n  adequa te opera ting �evel (26-15) . 
The lagoon opera ti on cons ists of routing the wa stewa ter through 
the a era ted lagoons and then through two of  the cel l s  of the l a go on 
which are opera ted in s eries . Twi ce yearly the two cel l s  are drawn 
down a nd e ffluent dra ined into the empty east  cell . Because  the e a st 
cell ha s a very porou s bottom, there is no overfl ow and a l l  of  the 
was tewa ter enters the ground or evaporates . 
The sampl ing points and l agoon instal lation were a s  shown in 
F igure 4 .  The wa ter in the wel l  points wa s purged prior to c oll ec ting 
North 
Equ a l izer 
7 Acres 
7 Acres 
Equ a l izer 
No Scale  
BIG 
SIOUX 
La goon RIVER . 
Outf a l l �  
/ ........... 
I � ""'-
/ Swampy Area ......_ 
7 Acres 
Sampl ing Po ints - o 
F igure 4 .  Diagram of the Volga stabil iza tion la goon showing 
l oca tion of  sampling points. 
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a s ampl e in order to obta in a s ampl e representing wa ter surrounding the 
wel l  point . Five monthly sampl es  were col lected from June to October , 
1971. 
Castlewood Site 
The Castlewood lagoon wa s constructed in 1957 to tre a t  muni c i pal . 
a nd da iry was te s . Soon a fter the lagoon wa s cons tructed , the· creamery 
c ea s ed opera tion . rhe la goon cons ists of  two c e l l s , 7 . 6 and 8.4 a cres 
in s ize ( 1) .  Be cause of  extens ive depos its of  sand and grave l  under­
lying the pond s i te a nd the resu l ting seepa ge , the c e l l s  were never 
inundated . During the s ampl ing program ,  the wa ter wa s a t  a maximum 
depth of a pproxima tely  one foot located in a s ma l l  area around the 
influent . There have · been occa s iona l compla ints of  �dors duri ng the 
spring and summer ( 5) .  Because the wa stewater percolate s  i nto the 
ground nearly a s  fa s t  a s  it is appl ied ,  groundwa ter degradation ma y 
ha ve occurred . F igure 5 shows the location of  the sampling po ints 
during the course of thi s study . 
The per i od of sampl ing wa s from August to October , with on� sample 
from ea ch s ampl ing point collected each month . .The sampl ing wa s a c ­
compl ished b y  purging the wa ter i n  the wel l  s o.tha t a sample  represent­






We l l  1 O 
Wel l  2 O 
I nfluent 
8 . 4  Acres 
No Sca l e  
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Figure 5.  Diagram of the Ca stlewood lagoon showing l ocat i on o f  
sampl ing points . 
EXPERIMENTAL METHODS AND TEST PROCEDURES 
I n  order to eva lua te the presence of poss ible .groundwa ter con­
tamina tion 'the fol l owing chemical  ana l yses were p.erformed : pH , spe c i f ­
ic  conductance , tota l hardness , ca l cium hardness , sodium , chl orides , 
nitrates , phospha tes a nd chemic a l  oxygen demand . The a na lys es  con ­
formed t o  testing proc edures rec orrunended in Standard Methods (_27) with 
modi f ica tions , if a�y ,  noted . Replicate determina tions were made on 
ea ch sample that wa s col lec ted . 
Chl orides 
Because the chl oride ion is una ltered by groundwater percolation , 
chl orides can  be a use fu l  tool in tra cing groundwater movement . An 
increase  of  the chlor ide c oncentra tion above ba ckground leve l s  would 
indica te pos s ible groundwa ter c ontamina ti on (1 9-378) . There fore , the 
chl oride ion wa s selected as a pos s ibl e means of detecti ng l a g oon 
seepa ge in groundwater sampl es . 
The mercuric  nitrate method for determining chl orides , a s de­
scribed in  Sta ndard Methods (27-371) , wa s used. The indica tor used 
wa s prepared by the Hach Chemical  Company ( 28-1 5). 
Phospha te 
Research ha s shown tha t phosphorous is an element essenti a l  in the 
growth of  a lgae. When phosphorous is  plenti f�l in c on j unction with 
favorable  growth conditions , an  algal  bloom may occur which  might_pro­
duce nu isanc e condi tions ( 1 9-467) .  An important mechanism a f fe cting  
the phos phate c oncentration in  groundwater is  ads orption. The phos ­
pha te i on ha s a n  a f finity for the soil  so that the phospha te concen­
tration is  reduced as wa ter percol a tes through the soil ( 17 ) . 
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In this  s tudy, the reduction of phospha te conc entrati ons between 
the la goon a nd the groundwater sampl ing points wa s of interest beca use 
the c onc�ntra tion of phospha tes rema ining in the groundwa ter s ampl es  
would indicate the distance  required to  a chieve appreciable  phospha te 
reductions a nd g ive some ins ight into the potential occurrence of  
groundwa ter degradation . 
The stannous chl oride method wa s uti l i zed to determine the total 
phospha te c onc entra ti ons on the sampl es tha t were fil tered thr ough a 
Whatrnan No . 5 filter disk . As a resul t ,  a distinction c ou l d  be made 
between the phospha tes tha t were a ttached to soil  particles  or free  
phospha te. 
Nitra te 
Nitrogen i s  importa nt because it is directly involved in the l i fe 
proces ses o f  plants and anima l s  ( 1 9-419) . I t  wa s found tha t dr�nking 
waters with high nitrate concentrations often c9used methernog l obinernia 
in infants , and in 1 962 the United States Public Hea l th Servi ce  recom­
mended tha t the nitrate concentra tion in terms of nitrogen should  not 
exceed 10 rng/l in  publ i c  wa ter suppl ies ( 1 9-424) . The soil  adsorption 
of  nitrates in groundwa ter occurs at  pH level � of  6 .0 or below ( 1 6) . 
I n  this  study , comparisons of  the nitrate concentration between 
the groundwater sampl ing locations and between the lagoon c oncen tra tions 
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and the groundwater concentrati ons were made. By comparing the nitrate 
concentrations , the researcher felt tha t possible groundwa ter degrada-
tion could be detected. 
The bruc ine method wa s used for determining the n i tra te concen-
tra ti ons . 
Chemical  Oxygen Demand 
L 
A test widely used to mea sure the pol luti ona l s trength o f  a wa ste· 
is  the chemical  oxygen demand analysis . The COD a na l ys is a l l ows measure-
ment · o f  a wa ste in terms of  the tota l quantity of oxygen  requ ired for 
chemica l oxidation to carbon dioxide and water ( 1 9-41 3 ) .  The COD test 
wa s used in  this  s tudy in order tha t organic  ma teria l in the ground-
wa ter sampl es  and the lagoon sampl es could be detected. 
Spe�i f ic Conductance 
Electrical  conductance is  the term u sed to describe the abil i ty of 
a substance to c onduct  an  el ectrical  current. Each spec i f i c  anion and . 
cation dissolved in wa ter exhibits a di fferent c onductance. The hydro­
gen a nd hydroxyl i ons are more mobi le  than the other i ons and in
.
fluence 
the va lue f or specific c onductance a t  extremes of pH values ( 1 9-185 ) .  
Spec i f i c  conductance i s  a l so very tempera ture dependent . I t  is  common, 
however , to rela te conductivity to total sol ids wi th the tota l  sol ids 
expre s sed as approxima tely 50 to 90 per cent of the conductivity 
(1 9-184 ) . I n  this study, changes in the conductivity between  ground-
water sampling l ocations were c ompared in order to detect c ha nges where 
seepa ge had occurred. The spec ific  conductance was measured on a 
Model RC 1 6B2 conductivity bridge . 
pH is  a term rel a ted to the hydrogen-ion concentration a nd is  a 
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measure of the a c id or a lka l i ne condition of a solution. The numeric a l  
expres s i on for pH is  the negative l ogarithm of  the hydrogen- i on concen-
tra tion ( 19 -3 16 ) . The pH wa s measured on a F isher Accumet pH meter 
-
Model 210. The pH wa s mea sured in order to detect pH cha nges between 
s ampl ing l ocations whi ch may have indica ted areas where s eepage ha s 
occurred . 
Hardnes s  
Hardnes s is  caused by diva l ent meta l lic  cations ( 1 9-347 ) . This 
para meter wa s chosen because changes in the ba lance  of  cations may be 
rel a ted to changes in the s odium adsorption ratio and thus ins ight into 
the sea l ing capa c ity of  the s o i l  could  possibly be ga ined. 
The tota l and ca l c ium hardness  were measured in the l a bora tory by 
uti l i zing the testing methods as described in Standard Methods ( 27-147 ) . 
The indica tors were prepared by the H�ch Chemical  Company ( 28 ) . 
Sodium 
The parameter of  sodium was mea sured because cha nges  in th� ba lance 
of  ca tions may be rel a ted to changes in the SQdium a ds orpti on ra tio  
whi ch c ould  provide ins i ght into the seal ing capac ity of  the  s o i l . The 
flame photometry method for the determina tion of sodium wa s uti l i zed . 
The instrument  used wa s a Col eman Jr. Model 21 atta chment Mo del 6A. 
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Water Bal a nce  
A wa ter ba l a nce wa s c omputed for the Brookings l agoon coveri ng the 
period of  June to October , during the summer a nd fal l  o f  1 97 1. A wa ter 
ba l ance for l a goons cons i s ts of  the inflows a nd outflows a s  shown by 
the fol l owing equa tion . 
I nfluent + Prec ipita t i on - Evaporation - Effluent = Seepa ge + 
· Trea tment Pl a nt Losses 
Because  there were no  rooted a quatic pla nts in the l a goon , the ·tr an- · 
spira tion l os ses  were cons idered to be neg l ig ibl e. 
The wa stewa ter pumped to the l agoon wa s a s sumed to be the same a s  
the da ily  influent to the treatment plant. The effluent from the l a -
goon wa s mea
.
sured by means  o f  a n  18- inch H-flume equ ipped with a 
Stevens type F continuous l evel recorder . 
The prec ipita tion a nd evaporation ra tes for Brookings were 
ga thered from da ta compiled by the sta te c l ima tol ogist. The a verage 
a nnua l ra infa l l  for Brookings is  approximate ly  23 inches , and the mean 
a nnua l evapora ti on is  a bout 34 inches ( 29 ) . I t  foll ows tha t the evapor-
ation l osses  are expected to exceed the ra infa l l  by a pproximately 1 1  
inches per yea r. 
PRESENTATION AND DISCUSSION OF RESULTS 
Five s i tes were used to eva lua te the presence o f  groundwa ter 
degradation in the v i c inity of wastewater stabi l i za tion  la g oons. The 
lagoon s i tes were l oca ted a t  Brookings , Volga , Ca stlewood , Milbank , and 
Beresford; the Brookings s i te being �he primary s ite . o f  investigation. 
The eva lu?tion of the extent of groundwater degradation was a c compl ished 
� 
by mea suring the parameters of chl orides , nitrates , s pecif i c  c onduc-
tanc e , pH , hardnes s ,  s odium , chemical  oxygen dema nd , a nd phospha tes. 
The Brookings Lagoon S ite 
The na tura l s l ope of  the groundwa ter tabl e would genera l l y  be 
expected to c onform to the s l ope of the ground . Therefore , �he ground -
water movement in  the area near the Brookings lagoon would be in  a 
northerl y  direction toward S ix-Mile  Creek. However ,  the e l eva tion of  
the wa ter sur face  in  the s outh cell  of the lagoon wa s mea s ured to be 
in exces s  of three  feet higher than the groundwater e l eva ti on o f  
sampl ing po int 2 .  There fore , the groundwater samples from sampl ing 
points 1 ,  2 and 3 a l l  probably conta ined some lagoon s eepa ge. s
'
a mpl i ng 
points were probably not l oca ted a suffici ent distance south o f  the 
l ag oon in order to measure the qua l ity of the na tural groundwa ter . 
There were two area s a t  the s ite which rema ined satura ted a t  the 
surface of the ground throughout the sam�l ing period. One a rea was l o­
ca ted between  sampl ing locations 7 and 9 on the east s ide o f  the la goon . 
The other area wa s l ocated near the southwest corner o f  the lagoon . It 
was felt  that the saturated areas  ma y have resul ted i n  part by seepage 
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becaus e  the area s rema ined saturated even dur ing peri ods when there was 
no ra infa l l .  Thes e  areas c ould pos s ibly have resulted from l oca l i zed 
faulty construction methods . 
Table 2 shows the mean monthly chl oride c oncentra tions o f  a l l  
sampl ing locations and the rela tion of  the sampling station concen-
tration to the l agoon concentra tion express ed a s  a percentage from 
February to October a t  the Brookings site . The chl or ide concentrations 
varied with t ime for particular samp�ing points and the chl oride con-
centrations  a t  each s ampl ing po i nt varied . The chl oride concentra tion 
in the lagoon decreas ed in  March when the ice  mel ted on the l agoon a nd 
then rema ined at  a maximum obs erved concentration during .August through 
October . The high concentrati on observed duri ng February may be a t -
tr ibuted t o  the ice  cover on the lagoon s ince chloride i ons  do n o t  
bec ome part of  ice  crys ta l s  a s  wa ter free zes ( 30 ) . 
The increa s e  in the c oncentra ti on of  chl oride in the l a g oon  during 
Augus t ,  September , and October might have been caused by the increa s ed 
ra te of  eva pora tion dur ing tha t part of the year. 
The chl oride concentration in  wel l  po ints surrounding the perimeter 
of the lago on varied cons iderably at the s ampl ing l ocations . The c on -
centra ti ons in sampl ing points 1 ,  2 and 3 located s outh o f  the la goon 
ranged from 4 to 179 mg/l .  The c oncentrations in sampl ing po ints 4 ,  8 
and 9 l ocated on the ea s t  and wes t  s ides of  the lagoon ra nged from 72 
� 
to 218 mg/l .  The highest  chl oride concentrations were mea sured in 
groundwater s ampl es  from s ampl ing points 5 ,  6 and 7 l ocated i n  the area 
near the north dike , where the concentra tions ranged from 1 57 to 
TABLE 2 .  Mean  Monthly Chloride Concentra tions, mg/l, a t  the Brookings Lagoon 
Site, February to October, 1 971.  
Sampl ing Loca tion 1 2 3 4 5 6 
7 8** 
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.....  .....  .....  .....  .....  ::i .....  ::i 
.....  ::i .....  ::i .....  
0 0 0 0 0 
0 0 0 0 
::i ::i ::i ::i ::i ::i 
::i ::i ::i 
February 268 50 ( 19) 1 3 ( 5) * 72( 27) 17 1 ( 64
) 157 ( 59 ) 175 ( 65 ) --
March 242 83 ( 34) 30 ( 12) * 86 ( 31
) 175 ( 72) 169 ( 70 ) 236 ( 97 ) --
April 196 48 ( 25) 1 3 ( 7 ) 94 ( 48) 1 10 ( 56) 1 90 ( 97
) 1 88 ( 96) 184( 94) --
May �- 248 52 ( 21 ) 28( 1 1 ) 150 ( 61 ) 129 ( 52
) 184 ( 74) 204( 92) 187 ( 75) --
June 242 78 ( 32) 4 ( 2) 1 55 ( 64) 139 ( 57 ) 173 ( 72
) 1 98 ( 82) 1 96 ( 8 1 ) 170 ( 70 ) 
July 220 99 ( 45 ) 25 ( 1 1 ) 163 ( 74) 145 ( 66
) 173 ( 79) 213 ( 97 ) . 208 ( 95 ) 133 ( 61 ) 
August 275 107 ( 39) 1 5 ( 5) 1 58 ( 57 ) 130 ( 47
) 1 94 ( 71 ) 213 ( 77) 224 ( 82) i49 ( 54) 
I 
September 273 1 1 1  ( 41 ) 33 ( 1 2) 179( 66 ) 1 58 ( 58 ) 240 ( 88
) 239 ( 88 ) 234 ( 86 ) 200 ( 73 ) 
October 267 1 16 ( 43) ·14( 5) 179 ( 67 ) 1 51 ( 57 ) 243 ( 91
) 248 ( 93) 247 ( 93) 218 ( 82) 
Mean 248 83 ( 33 ) 1 9 ( 8 ) 154 ( 62) 1 24( 50
) 1 94 ( 78) 203 ( 82) 210 ( 85) 174( 70) 
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248 mg/l. The groundwa ter qual ity had apparently been detrimenta l l y  
affected by s eepage from the la goon particularly i n  the area near the 
north dike s ince the chloride concentrations were in the ra nge o f  
Cla s s  I I I  for irrigation wa ter. Cl a s s  I I I  irrigation water i s  con­
s idered to be inj urious to uns a tisfa ctory and unsuitabl e for irriga -
. tiona l purposes  under most conditions ( 1 1 -109 ) . 
Sampl ing l ocati on 2 had the l owest chl oride concentrations 
throughout the s ampl ing period. The chl oride conc entra tions , ra ng ing 
from 4 to 1 5  mg/l for s ome months , may have repre sented the c oncentra ­
tion in the natural groundwa ter . The chl oride concentra tion of  the 
na tural  gr oundwa ter in the Brookings area was expected to be approxi ­
mately 1 5  mg/l o r  l e s s  ( 31 ) .  
Table  3 shows the mean  chl oride , COD , phosphate , a nd nitrate 
concentra tions of  a l l  s ampl ing l oca tions and the rel a tion o f  the 
sampl ing sta tion c onc entration to the lagoon concentra tion expre s sed 
a s  a percenta ge from February to October at  the Brookings  s ite. The 
l ower chloride a nd nitra te concentra tions are l oca ted a l ong the s outhern 
perimeter of the lagoon at sampl ing stati ons 1 ,  2 and 3 .  The highest  
nitra te concentration wa s 1 . 36 mg/l a t  s ampl ing l ocation 6 at  the 
north edge of the l agoon which genera l ly corresponds to the l oca tion 
of the higher chl oride concentrations . Becaus e  the higher c oncentr a ­
tions of both nitrates  and chlorides have occurred in the s ame genera l  
area , seepa ge from the lagoon appears to have vexisted i n  groundwater 
samples , espec ia l ly at the north end of the l a goon. 
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rABLE 3 .  Mean Chloride , Phospha te , COD and Nitrate Concentra tions , mg/l ,  
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Changes in  · the nitra te concentra tion varied during the sampl ing 
period,  and the changes in  the nitra te concentra tion in the ground­
water samples did not present a pattern which was readi ly  expl a inable. 
All  of  the nitra te c onc entra tions were wel l  within the recommended 
l imits for domes tic us e of the water ( 1 1 -89 ) . These data a ppear in the 
Appendix. There were changes  in the pho sphate concentrat i ons  at the 
different sampl ing l ocations . The re lation of  the sampl ing s ta ti on 
c oncentration to the lagoon concentr�tion , expres sed a s  a percentage , 
ranged from 1 to 25 per cent for the unfil tered phospha te and 1 per 
cent or les s for the filtra te phosphate . The soil sys tem  removed the 
· phosphates from the l agoon s eepage very e f fe ctive ly. The phos pha te 
concentrati ons in the groundwa ter may have been decrea sed even more i f  
the distance the wa ter travel ed through the s o i l  wa s i ncrea sed. The 
phosphate concentration in the groundwater samples varied during the 
sampl ing peri od . However , there wa s no dis cernibl e pa ttern in the 
chang e of phosphate concentra tion over time . 
The COD concentra tions for the fi lt ra te and unfi ltered groundwater 
samples at each of the groundwater sampl ing l ocations were genera l ly 
s imilar. The COD c oncentrations ra nged from 17 to 33 mg/l for the 
filt ra te groundwa ter samples , a nd 35 to 56 mg/l was the range for the 
unfi ltered groundwater samples . During a previ ous study ( 32 ) , it ha s 
been determined tha t the COD of  the natura l groundwa ter was a bout 
5 mg/l.  Therefore , the higher COD conc entrations found i n  the  vicinity 
of  the lagoon indicated tha t  organic degradation of  the groundwa ter 
probably had occurred . 
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At the Brooking s  site ,  there were changes in some of the s pe c i fic  
conducta nce and pH va lues between sampl ing locations tha t c ould not  be  
expla ined . 
Spec i fic  c onductance  is  widely used a s  a means o f  evalua ting the 
sa l inity ha zard for irr iga tion wa ter ( 3� ) . The sa l in i ty ha zard for a l l  
o f  the groundwa ter sampl ing loca tions ranged from high t o  very high . 
The pH va lues ra nged from 7 . 50 to 9 . 00 in the la goon a nd 7 . 10 to 
8 . 35 for a l l  of  the groundwa ter samp� ing loca tions except sampl ing 
point 3 �  We l l  po int 3 wa s loca ted in an  area where the surfa c e  of the 
ground wa s sa tura ted throughout the sampl ing period .  Because  a n  a lgal · 
bloom occurred in the surface  s eepa ge wa ter , the pH range o f  7 . 75 to 
10 . 00 in wel l  po int 3 samples may have been the result  of the inf i l ­
tra tion of  surfa c e  wa ter into the wel l  po int . 
I n  addition to the chemica l parameter s which were mea sured a t  the 
Brookings s i te ,  a wa ter ba lance wa s determined . The wa ter ba lance  con­
s isted of  a ccounting for the in flows and  ou tflows from the  l a goon . The 
inflows consisted of precipita tion and the wa stewa ter that wa s pumped 
to the l a goon from the sewa ge trea tment plant . The ou tfl ows consisted 
of evapora tion , la goon e ffluent , and seepa ge from the l a goon . 
The influent to the l agoon wa s a s sumed to be the same a s  the influ­
ent to  the sewag e  trea tment plant .  This  assumpti on would  be in error 
i f  there were s igni ficant ga ins or losses  in the flow o f  wa stewa ter in  
the treatment plant .  Furthermore , the se los ses wou ld be  interpreted 
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as seepage . The only recorded loss  from the system wa s for s l udge 
·remova l ,  which  was  determined to be so  sma l l  a s  to be neg l i g ib l e . 
The data obta ined during 'the 1 13-day sampl ing perlod ( Table  4 )  
were uti l i zed to predict the amount o f  seepage tha t occurred a t  the 
Brooking s  s i te by us ing the fol lowing equation :  
Influent + Prec ipitation - Overfl ow - Eva pora tion = Seepa g e  
The influent and precipitation was 102 . 285 mi l l ion gal l ons , the over-
fl ow and evaporation amounted to 9 1 . 568 mill ion ga l l ons , and the re-
sul ting seepa ge l oss from the l ag oon was 10 . 817 mi l l ion ga l l ons . The 
\ 
seepage tha t occurred amounted to a pproximately  10 . 6  per c ent of  the 
tota l  inflow of l iqu id to the la goon . 
As can be seen in Table 4 ,  the seepa ge ra te genera l l y  increased 
from June until  Octobe r .  The rate of seepage , computed a s  a n  infi l -
tration ra te for the lagoon area of 27 . 33 a cre s , wa s 0 . 1 29 inches per 
day for the 1 13-day period . The seepage rate of  · 0 . 1 29 inches per day 
may be compared to the Volga s ite where the seepage rate was 1 . 6 inches 
per _ day ( 26 - 17 ) . The seepage  ra tes for other ponds in S outh Da koti 
that have had exces s ive seepa g e  wa s in  a range of 0 . 307 to 1 . 365 inches 
per day • . In ·c ontrast , the seepage ra te s for s ome ponds whi ch have 
been considered to opera te satisfa ctorily ra nged from 0 . 00083 to 0 . 0851 
inches per day ( 4-3 ) . 
Becau se the seepage  that oc curred was mea sured to be onl y  10 . 6  
per cent o f  the tota l f l ow o f  l i quid to the lagoon , any error i n  mea ­
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Influent Ef fluent Prec ipita ti on Evapora tion 
- (mgJ -- (mg) (mg) (mq) 
5 . 268 4 . 819  1 . 030 1 . 092 
24 . 817 18 . 152 0 . 840 5 . 150 
23 . 916  17 . 182 2 . 230 5 . 700 
28 . 551 21 . 994 0 . 653 4. 275 
14 . 687 l l . 754 0 . 393 1 . 450 
--
97 . 139 73 . 901 5 . 146 1 7 . 667 
Seepage  
(mq) ( in/day) 
0 . 387 
2 . 355 
3 . 264 I 
3 . 035 
0 .776 
10 . 817 
0 . 104 
0 . 102 
0 . 144 
0 . 1 34 




the results of the wa ter ba lance . Even though an error would  greatly 
influence the cal cula ted amount of seepage , it  can be seen that the 
amount of seepage  would sti l l  be fa irly sma ll . I n  genera l ,  the lagoon 
was apparently wel l  sea l ed ,  especially  s ince most  of the s e epage  
probably took pl ace  in  the two l ocali zed wet areas . 
Secondary- S i tes of  I nvestiga tion 
The sec ondary s ites of  the investiga tion were located  at Volga , 
Castlewood , Milba nk , and Beresford . Each of  the lagoon s ites has had 
probl ems with seepage . The Milbank and Beresford lagoons have had 
underdra ins ins ta l l ed to interc ept the seepage , and the
/
Veiga lagoon 
ha s had an interception trench excavated . Becaus e the s i tes have had 
seepage probl ems , the groundwater parameters tha t were mea sured were 
expected to re fl ect groundwa ter qual ity degrada tion . Tabl e 5 s hows the 
mean va lues for da ta from the secondary s ites of investigati on . 
The chl oride concentra tions for a l l  of the secondary lagoon s ites 
showed that very l ittle di lution of the seepage had ta ken pla ce . For 
the lagoon s ites - a t  Ca stlewood , Milbank , and Beresford , the chloride 
concentrations for the groundwa ter sampl ing po ints indica ted tha t the 
seepage  wa s der ived a lmo st entirely from the la goon . Because of the 
increas ed con centrati on of chl orides in the groundwater , the use  of 
the wa ter for irrigation purposes may be limited . The groundwat er at  
the Milbank s i te wa s in the Cla ss I I I  range fgr irrigation wa ter which 
is injuri ous to unsatisfactory and unsu itabl e under mos t  c ondi tions 
( 1 1 -109 ) . The groundwa ter a t  the Volga , Castlewood , and Beres ford s ites 
TABLE 5 .  Mean Values for Data from the 
I nvestigat i on , 1 971 . 
Parameter Lagoon We l l  No . 1 
and S ite mg/l mg/1 -% Lagoon 
Chloride 
Vol ga 95 59 ( 62) 
Cas tl ewood 1 97 1 97 ( 100 )  
Milbank 315  
Beresford 99 
Nitrate 
Volga 2 . l l 1 . 17 (  55 ) 
Cas tlewood 1 . 98 0 . 50 ( 25 )  
Milbank 1 . 94 
Beres.ford 0 . 74 
COD 
Vol ga 290 1 10 ( 38 )  
Ca stl ewood 1 85 60 ( 32 )  
Milbank 60 
Beres ford 1 90 
Phospha te 
Volga 21 1 . 92 ( 9 )  
Ca stl ewood 52 7 . 6 ( 1 5 )  
Mi lbank 7 . 0 
Beres rord 6 . 5  
Secondary S ites 
Wel l  No . 2 
mg/1.-% Lagoon 
77 ( 81 )  
151 ( 77 )  
0 . 83( 39 ) 
0 . 51 ( 26 )  
105 ( 36 )  
50 ( 27 ) 
2 . 23 (  1 1 )  
1 6 .0 ( 31 ) 
of  
. 36  
Underdra in 
mq/1 -% Lagoon 
306 ( 97 )  
97 ( 98 )  
0 . 61 ( 31 )  
0 . 43 ( 58 )  
25 ( 42 )  
25 ( 13 )  
- -
0 . 29 ( 4 )  
0 . 21 ( 3 )  
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was in the Cla ss  I I  range for irriga tion wa ter which is  good to inj ur-
i ous and harmfu l to  some pl ants under certa in conditions of s o i l , 
c l imate , or pra ctices ( 1 1 - 109 ) . 
The reduction of nitrates in the groundwater sampl ing points a t  
the sec ondary la goon sites wa s higher than dilution a l one woul d a ccount 
for . One mechanism whi ch may have reduced the nitra te. concentra tion is  
denitrifica tion . .Anaerobic conditions may have exis ted a t  the la goon 
s ites , and ba cteria l  action could  have reduced the nitrates to nitrogen 
gas . The nitrate concentra tions rema ining in the groundwa ter did not 
exceed recommended l imits for domestic use ( 1 1 -89 ) . 
The soil  system existing at  each la goon s ite effectivel y  removed 
a substanti a l  portion of the phosphates from the groundwater . However , 
important concentra tions of phosphates rang ing from 0 . 29 to 1 6  mg/l 
rema ined in the groundwa ter . 
The COD concentra ti ons in the groundwater sampl es ranged from 
25 mg/l at the Milbank site to 1 10 .Jng/l at the Vol ga s i te . Organic  
degrada tion of the groundwa ter ha s probably oc curred , particul arly at  
the Volga s i te .  
The water ba lance data for the secondary sites subs tant i a ted the 
presence of seepa ge from the la goons .  In a study during 1 970 , the 
seepage rate at the Vo lga lagoon wa s approxima tely 1 . 0 ga l l ons per day 
per s quare foot or 0 . 05 mi l l ion ga l l ons per day per a cre . During the 
same study , the amount of seepage at the Milb;nk and Beres ford la goons 
was c ons idered to be quite important ( 26 ) . At the Ca stl ewood s i te , 
observations indicate tha t a l l  of the l i quid flow to the pond proba bly 
wa s l os t as  seepa ge except evapora ti on and tra nspiration l os
s es .  
38 
During the preced ing discussion of the resul ts of ana l yses for 
the sites of investigat ion , the parameters - -particularly chl or i des , COD , 
and spec i f i c  conductance --indicated tha t groundwater degra da tion had 
oc curred . The electrical  conductivity and the chl or ide concentrat ions
. 
existing in the groundwa ter near some of the lagoons indi c a ted tha t the 
use of the wa ter for irrigat iona l purposes  may be j eopardized . I n  con­
trast , the soil  system effective ly reduced the concentrations of · 
nitra te s and phosphates whi ch are nutr ient elements and woul d  cause 
eutrophica tion in lakes and res ervoirs . 
The nutrients in the was tewater act as fertil i zers a nd stimulate 
the growth of aquatic weeds and a lga e . Lakes and res ervo irs are par­
ti cularly vulnerabl e because they are nutr ient traps . The effect may 
be eutrophicati on which results in l imiting the bene f ic i a l  us es  of the 
la kes and res ervoirs . 
Cons ider ing the a l terna tives of di scharg ing wa stes to surfa ce  
waters or  to the land , it  appears t--hat the appl ication of the wa s tes to 
the land is the better a lterna tive . I f  the wa stes are a pp l i ed to the 
land , the only use of the water which may be j eopard i zed i s  f or irriga ­
tion ,  and this  pos sibil ity may be e l iminated , depending on the po int of  
groundwater withdrawa l . I n  comparison , minimizing the nutr ient effects 
of discharg ing was tewater to surface wa ters would involve costly chemi -
ca l trea tment of the wa s tes .  
Ana lysis  of  Varia nce 
The statisti cal  eva luation wa s made for each of the f ive s ites of 
investigati on to determine if  there was a s igni ficant dif ferenc€  between 
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l ocations or da tes . The ana lys i s  of variance was made with . the a s s i s ­
ta nce o f  the University Experiment Station Statistic ian  o n  the chlo - . 
rides , phospha te ,  fil tered phosphate , COD , f iltered COD , s od ium ,  
nitra te s , and tota l ha rdness da ta . The analys is  o f  varianc e showed 
that there wa s a s ignificant di ffer�nce for dates , loca tions  and da te 
by loca tion interaction at the Brookings s i te and at mos t  of the 
secondary s ites for the parameters cons idered . The ana lys i s  of var i ­
ance is  inc luded i n  the Appendix . 
CONCLUSIONS 
From the informa tion gained from thi s  investigation the fol l owing 
conclus ions can be made : 
1 .  I t  wa s g enera l ly indicated by the parameters inve?tigate d  and  the 
water ba lance  data obta ined that degrada ti on of the groundwa ter 
ha s occurred in the proximity of  the Brookings la goon . 
2 .  From the wa ter ba lance  data , the seepage tha t occurred wa s minima l 
-
at  the Brookings lagoon si te and the bentonite sea l a nt a pparently 
provided an e ffec tive sea l . 
3 .  Wa ter ba l ance da ta and observa tions conf irm the presence o f  s eepa ge 
a t  the s e condary s i te s  of  investigation . 
4 .  The pa rameters tha t were inves tigated have indicated tha t ground-
water degradation has occurred at the Volga , Castlewood , Mil ba nk , 
and Beres ford lagoon s i tes . 
5 .  The s o i l  sys tem effective ly reduced the concentra tion o f  COD and 
phosphate s in groundwa ter . The phosphate reduction wa s e s pe c i a l l y  
high . 
Areas of Future Study 
This s tudy ha s provided information about groundwa ter d egrada tion 
resulting from wa s tewa ter treatment by lagooning . There i s  a need  f or 
more informa tion concerning groundwater contamination , espe c i a l ly a t  
the Brookings site . 
Recommenda tions for further studies are these :  
41 
1 .  Locate more we l l s  to the north of the Brookings l a goon to del inea te 
the are a l  extent of  groundwa ter degradation . 
2 .  Locate a wel l  a suffic ient distance to the south of  the Brookings 
lagoon to determine the ba c kground levels  of parameters of  the 
groundwa ter . 
3 .  Determine the water leve l a t  each of the groundwa ter sampl ing l o­
cations a t  the Brookings lagooh to assist  in p�edicting the 
direc tion of flow of  the groundwater .  
4 .  Conduct a wa ter ba lance  over a longer period o f  time to be tter 
eva luate the rate of  seepage  from the Brookings lagoon . 
5 .  Attempt to c orrelate the parameters of the wa stewater appl i ed to a 
la goon , the soil  cond iti ons exi sting at a lagoon s i te , a nd the 
sodium adsorpti on ra tio to assist in predi cting the seal ing 
capa c i ty of  a lagoon . 
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APPENDIX A 
TABLE A-1 . Mean Chl or ide Conc entrations , mg/l ,  a t  the Brookings 
La goon S i te , February to October , 1 971 . 
Month Sampl ing Location 
Lagoon 1 2 3 4 5 6 7 8** 9 
Feb . 268 50 1 3  * 72 171 157 175 100 
· Mar . 242 83 30 * 86  175 169 236 1 53 
Apr . 1 96 . 48 1 3  94 1 10 190 188 184 105 
May 248 52 28 1 50 1 29 184 204 1 87 1 14 
June 242 78 4 1 55 139 173 198 . 1 96 170 1 1 0  
Ju ly  220 99 25 1 63 145 173 213 208 133  1 1 1  
Aug . 275 107 1 5  1 58 130 194 213 . 224 1 49 105 
Sept . 273 1 1 1  33 179 158 240 239 234 200 1 23 
Oct .  267 1 1 6  1 4  179 151 243 248 247 218  1 43 
Mea n  248 83 1 9  1 54 124 ' 194 203 210 1 74 1 18 
* Fr6zen wel l  point 
** Abandoned wel l  
TABLE A-2 . Mean Nitra te Concentra tions , mg/l ,  a t  the Brook ings 
Lagoon S i te , February to Oc tober , 1 97 1 . 
Month Sampl ing Loca tion 
Lagoon 1 2 3 4 5 ·  6 7 8** 9 
Feb . 2 . 03 0 . 52 0 . 40 * 0 . 47 0 . 62. 0 . 73 1 . 38 1 . 44 
Mar . 0 . 48 0 . 48 0 . 45 * 0 . 21 0 . 1 2 0 . 62 1 . 42 2 . 08 
Apr . 2 . 00 0 . 77 0 . 84 0 . 81  0 . 83 0 . 81 3 . 24 2 . 60 0 . 54 
May 1 . 36  0 . 10 0 . 39 0 . 50 0 . 1 4 0 . 26 2 . 30 0 . 22 0 . 30 
June 1 . 95  0 . 70 1 . 1 5  0 . 66 0 . 25 1 . 94 0 . 55 0 . 49 1 . 1 5 1 . 98 
July 3 . 1 2  0 . 10 1 . 05  0 . 1 5 0 . 40 0 . 1 5 3 . 86 0 . 42 0 . 40 0 . 78 
Aug .  0 . 1 6  0 . 06 0 . 07 0 . 08 0 . 35 0 . 06 0 . 14 0 . 05 1 . 1 5  0 . 05 
Sept .  3 . 90 0 . 01  0 . 07 0 . 03 0 . 01 0 . 06 0 . 14 0 . 03 0 . 93 0 . 0 1  
Oct . 3 . 85  0 . 09 0 . 03 0 . 01  0 . 01  0 . 06 0 . 63 0 . 02 0 . 30 0 . 04 
Mean 2 . 1 0 0 . 31 0 . 50 0 . 32 0 . 30 0 . 46"' 1 . 36 0 . 74 0 . 7 9  a . so 
* Fro zen wel l point 
** Abandoned we l l  
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TABLE A-3 . Mean Phospha te Conc entrations , mg/l ,  a t the Brook ings 
Lagoon S i te , February to Oc tober , 1 971 . 
Month Sampl ing Loca tion 
La goon 1 2 3 4 5 6 7 8** . 9 
Feb . 34 0 . 86  2 . 08 * 0 . 87 0 . 97 0 . 50 0 . 94 18 . 0  
Mar .  33 0 . 88 5 . 1 2 * 0 . 32 0 . 64 0 . 24 1 8 . 4  2 . 50 
Apr . 1 9 . 0  0 . 26 1 . 30 0 . 1 6 0 . 44 0 . 30 0 . 10 45 0 . 20 
May 18 . 5  1 . 44 2 . 1 5 0 . 50 0 . 44 0 . 60 0 . 32 0 . 44 0 . 67 
June  32  0 . 38 1 . 70 0 . 17 0 . 32 0 . 54 0 . 32 0 . 30 0 . 40 0 . 22 
July 32 0 . 38 1 . 40 0 . 1 3 0 . 28 0 . 56 0 . 36 0 . 32 0 . 50 0 . 24 
Aug . 1 1 . 5  0 . 53 0 . 75 0 . 50 0 . 16 0 . 08 0 . 1 2 0 . 58 0 . 48 0 . 62 
Sept . 29 0 . 28 0 . 95 O . l l 0 . 09 0 . 13 0 . 16 0 . 10 0 . 17 O . l l  
Oct . 22 . 5  0 . 08 0 . 28 0 . 08 0 . 12 0 . 31 0 . 17 0 . 32 o .  25 0 . 13 
Mean  29 0 . 56 1 . 75 0 . 24 0 . 34 0 . 46 0 . 26 7. 38 0 . 3 4  2 . 52 
* Frozen wel l  po int 
** .Abandoned wel l  
TABLE A-4 . Mean F i l tered Phospha tes , mg/l ,  a t  the Brook ings 
L agoon S i te , February to October , 1971 . 
Month Sampl ing Loca tion 
Lagoon 1 2 3 4 5 6 7 8** 9 
Feb . 33 0 . 73  0 . 45 * 0 . 61 0 . 45· 0 . 23 0 . 40 · 0 . 31 
· Mar .  29 0 . 1 5 0 . 10 . * 0 . 07 0 . 05 0 . 1 2 0 . 1 5 0 . 17 
Apr . 1 1 . 5 0 . 04 0 . 02 0 . 02 0 . 08 0 . 06 0 . 04 0 . 04 0 . 04 
May 9 . 3 0 . 06 0 . 04 0 . 05 0 . 07 0 . 03 0 . 03 0 . 04 0 . 04 
June 34 0 . 16 0 . 90 0 . 20 0 . 24 0 . 25 0 . 25 1 . 07 0 . 18 0 . 30 
July  7 . 3 0 . 06 0 . 10 0 . 03 0 . 03 0 . 08 0 . 06 0 . 06  0 . 18 0 . 02 
Aug . 14 . 3  0 . 06 0 . 25 0 . 05 0 . 05 0 . 06 0 . 06 0 . 07 0 . 10 0 . 08 
Sept . 1 6 . 0  0 . 08 0 . 07 0 . 09 0 . 07 0 . 07 0 . 05 0 . 06  0 . 06  0 . 06 
Oc t .  1 7 . 0 0 . 07 0 . 21 0 . 06 0 . 05 0 . 02 0 . 04 0 . 0 5  0 . 05 0 . 05  
Mean 1 9 . 0  0 . 1 6 0 . 25 0 . 07 0 . 14 0 . 1 2 0 . 10 0 . 22 O . l l 0 . 12 
,;. 
* Frozen we l l  point 
** Abandoned we l l  
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TABLE A-5 . Mean  COD Concentra tions , mg/l ,  a t  the Brook ings 
Lag oon S ite , February to Oc tober , 1 971 . 
Month Sampl ing Loca tion 
Lagoon 1 2 3 4 5 6 7 8** 9 
Feb . 1 20 40 66 * 50 57 73 58 - 145 
Mar . 99 48 56 * 59 87 51 150 85 
Apr . 1 50 35 63 30 25 51  42 36 " 43 
May 52 53 45 63 47 48 25 22 27 
June l lO 27 42 40 46 72 29 32  l lO 43 
July  56  35 · 65 49 29 42 29 3 1  17  48 
Aug . 54 32 35 36 27 29 37 28 22 57 
Sept . 38 35  41  22 35 41 13 35 1 4  34 
Oc t .  41 1 5  1 9  1 2  1 9  1 9  1 8  . 14 1 6  21 
Mean 79 36 48 36 37 50 35 45 3 6  57 
* Frozen we l l  point 
** Aba ndoned wel l  
TABLE A-6 . Mea n F i l tered COD Conc entra tions , mg/l ,  a t  the Brookings 
Lagoon Site , February to October , 1 971 . 
Month Sampl ing Loca tion 
La goon 1 2 3 4 5 6 7 8** 9 
Feb . 51  9 . 9  17 * 17 17 ·  23 40 97 
Mar .  60 37 37 * 50 25 29 25 33 
Apr . 55 13 30 17 21 18 14 32 17 
May 63 7 . 9 1 1  24 26 22 28 18 34 
June 34 10 8 . 4 17 12 15 23 20 26 17 
Ju ly  26 31 22 32 27 40 23 30 1 6  22 
Aug . 58 21 35  1 9  21 21 19 21 17 25 
Sept . 42 18  26 1 9  1 3  1 9  26 26 26 26 
Oct . 33 20 7 . 8 17 20 21 22 36 1 4 22 
Mean  47 1 9  22 21 23 22 23 28 20 33  
"" 
* Frozen wel l  po int 
** Abandoned we l l  
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TABLE A-7 . pH a't the Brookings Lagoon S ite , February to October , 1 971 . 
Month Sampl ing Locati on 
Lagoon 1 2 3 4 5 6 7 8** 9 
Feb . 7 . 60 7 . 70 7 . 70 * 7 . 70 8 . 20 8 . 00 7 . 70 8 . 00 Mar . 7 . 50 7 . 90 7 . 90 * 7 . 80 8 � 45 7 . 80 7 . 30 7 . 70 Apr . 7 . 80 8 . 10 7 . 70 10 . 00 7 . 95 8 . 10 7 . 90 7 . 50 7 . 55 May 9 . 00 7 . 80 7 . 50 8 . 90 7 . 80 8 . 35 7 . 75 7 .70  7 . 70 June 7 . 40 7 . 25 7 . 10 7 . 75 7 . 25 7 . 70 7 . 15 7 . 10 7 . 60 7 . 20 July 8 . 60 7 . 60 7 . 30 8 . 10 7 . 80 8 . 10 7 . 60 7 . 60 7 . 80 7 . 45 Aug . 8 . 25 7 . 50 7 . 60 8 . 1 5 7_ . 95 8 . 20 7 . 55 7 . 60 7 . 70 7 . 50 Sept . 8 . 70 7 . 90 7 . 60 8 . 20 8 . 00 8 . 00 7 . 50 7 . 65 7 . 70 7 . 40 Oct . 7 . 80 7 . 75 7 . 50 8 .00 7 . 80 7 . 90 7 . 75 7 . 70 7 . 80 7 . 25 
* Frozen wel l  point 
** Abandoned wel l  
TABLE A-8 . S pec ific  Conductanc e at  the Brookings Lagoon S it e , 
p mhos/cm a t  25°C ,  February to October , 1 97 1 . 
Month Sampl ing Loca tion 
Lagoon 1 2 3 4 5 6 7 8** 9 
Feb . 2340 2880 3610 * 1420 1530 1 930 1 960 ' 3800 
Mar . 2160 2550 3640 * 1626 1540 1 950 1 960 4330 
Apr . 1 568 1611  3540 1546 1510 1668 1771 1 612  4305 
May 1790 2080 3980 1819  1775 1651 1920 1775 4015  
June 2056 2597 3835 1784 1557 1866 1 951 1 947 2205 4579 
July 1764 2944 3752 1881 1798 1663 2102 1 950 1776 4494 
Aug . 210 1  2865 3421 1726 1696 1625 2056 1 914  1891  4304 
Sept . 1 946 2868 3508 1781 1614 1759 1859 1 993 1809  3830 
Oct . 21 12  301 1  3629 1 849 1701 1809 2026 1 939 1 690 4100 
* Frozen we l l  po int 
** Abandoned wel l  
TABLE A -9 .  Mea n Ca l c ium Hardnes s ,  mg/l ,  at  the Brookings 
Lagoon S i te , February to October , 1 97 1 . 
Month Sampl ing Location 
Lagoon 1 2 3 4 5 6 7 
Feb . 290 620 l lOO * 370 280 480 400 
Mar .  240 550 1 140 * 450 1 80 470 420 
Apr . 210 380 1 200 50 340 320 500 380 
May 230 400 1 140 90 390 250 490 . 510 
June 350 750 1350 280 480 300 580 450 
Jul y  260 660 1 120 1 80 310 280 480 420 
.Aug . 290 7 10 1 1 50 180 370 260 510 410 
Sept . 320 700 1 1 90 320 370 300 510 370 
Oct . 1 90 700 1 260 220 300 290 520 370 
* Frozen wel l point 
** Abandoned wel l  
TABLE A-10 . Mean  Tota l Ha rdnes s , rng/l ,  a t  the Brookings  
Lag oon S i te , February to  October , 1 97 1 . 
Month Sampl ing L oca tion 
Lagoon 1 2 3 4 5 6 7 8** 
Feb . 540 1 620 2170 * 760 710 950 810 
Mar .  430 1410 2230 * 800 670 · l lOO 790 
Apr . 400 910 2180 660 830 840 880 630 
May 450 1050 2190 720 860 760 990 · 820 
June  600 1550 2130 800 900 800 900 1 300 950 
Jul y  480 1 640 2180 790 780 750 980 800 890 
.Aug . 560 1690 2200 760 800 740 990 760 760 
Sept . 620 1740 2250 850 870 890 1090 750 840 
Oct . 380 1830 2550 850 1000 880 1010 760 720 
* Frozen v:el l  point 























TABLE A-1 1 . Mea n  Sodium Conc entra tions , rng/l ,  a t  the Brookings  
Lagoon S ite , February to Oc tober , 1 97 1 . 
Month Sampl ing Loca tion 
Lag oon 1 2 3 4 5 6 7 8** 9 
Feb . 325 148 205 * 85  33 45 1 60 305 
Mar .  358 145 243 * 75 45 52 204 355 
Apr . · 239 69 205 1 14 80 55 64 163  - 308 
May 340 98 232 148 88 54 84 1 92 334 
June 340 1 1 3  245 1 53 82 53 89 220 1 60 328 
Jul y  275 1 35 21 9 1 55 93 65 95 203 1 55 298 
Aug .  265 128 178 1 25 7.!5 62 80 1 68 1 43 245 
Sept . 300 1 33 1 93 1 38 80 83 95 1 93 1 50 200 
Oct . 265 1 50 1 93 150 60 90 103 1 93 1 45 228 
* Frozen wel l  point 
** .Abandoned wel l  
APPENDIX B 
TABLE B-1 . Resu l ts of Ana lyses of Sampl es Col lected at  the Volga Lagoon S ite . 
Month and 
Sampl ing Location Parameter 
Chl oride Nitrate COD Phosphate pH Speci fic  Total Cal c ium Sodium 
rng/l rng/l rng/l mg/l Conductance Hardnes s  Hardnes s mg/l 
pmhos/cm @ 25°C mg/l mg/l 
June 
Lagoon 55 2 . 91  350 14 .  9 . 70 1560 180 65 160 
wel l -1 48 0 . 83 200 2 . 15 7 . 70 1500 540 180 265 
wel l -2 67 1 . 1 1 135 1 . 40 8 . 05 825 320 70 335 
Ju ly 
Lagoon 93 1 .74 160 1 2 .  9 . 10 1200 350 100 280 
we ll-1  70 0 . 98 l lO · 0 . 48 7 . 80 2160 600 250 365 
wel l -2 76 0 . 90 1 80 2 . 50 7 . 80 1740 450 200 375 
.August 
Lagoon 100 1 . 79 340 35 . 9 . 50 1220 760 100 270 
wel l -1 60 0 . 60 80 0 . 37 7 . 55 1830 490 240 335 
wel l -2 68 0 . 94 40 0 . 35 7 . 70 1530 380 170 280 
September 
Lagoon 105 2 . 48 300 18 . 8 . 95 1200 260 105 270 
we ll-1 96 2 . 30 55 2 .75 8 . 00 2120 690 230 31 5 
wel l -2 83 0 . 88 45 3 . 25 7 . 85 1820 400 130 285 
October 
Lagoon 120 1 . 65 280 26 . 8 . 10 l lOO 240 90 245 
we.1 1 -1 121 0 . 78 llO 3 . 85 7 . 50 2100 670 220 305 
well -2 92 0 . 30 125 3 . 65 7 . 70 1680 480 160 290 (J1 
........ 
TABLE B-2 . Results of  Ana lyses of  Sampl es Col lected at the Beres ford Lagoon S ite . 
Month and 
Sampl ing Loca tion Parameter 
Specific  Total Ca l cium ,,, . 
Chl oride ... Nitrate COD Phosphate pH Conductance Hardnes s Hardness 
mg/l mg/l mg/l mg/l pmhos/cm @ 25°C mg/l mg/l 
September 
Lagoon 97 0 . 20 180 2 . 85 8 . 90 1 550 510 290 
Underdra in 98 0 . 18 40 0 . 06 7 . 10 1 620 600 340 
October 
Lagoon 100 i . 2s · 160 4 . 10 7 . 30 1440 690 380 
Underdra in 92 a . so 20 0 . 33 7 . 50 1640 860 430 
November 
Lagoon 101 0 . 74 220 12 . 5  7 . 45 1 310 740 210 . 












TABLE B-3 •. Results of  Analyses o f  Sampl es Coll ected a t  the Ca stlewood Lagoon S ite . 
Month and 
Sampl ing Location Parameter 
Chl oride Nitrate COD Phosphate pH Specific  Total Ca l c ium Sodium 
mg/l mg/l mg/l mg/l Conductance Hardness  Hardness mg/l 
pmhos/cm @ 25°C mg/l mg/l 
August 
Lagoon 207 1 . 30 340 54 7 . 80 1820 260 240 250 
wel l -1 202 1 . 20 30 0 . 40 7 . 30 1 850 360 260 210 
wel l -2 1 13 1 . 28 15  0 . 53 7 . 40 1400 400 320 l lO 
September 
Lagoon 213 3 . 25 1 1 5  44 8 . 00 1520 280 180 230 
wel l -1 208 0 . 20 1 10 9 . 5  7 . 40 2130 410 230 225 
we l l -2 159 0 . 15 55 13 7 . 35 1500 400 230 1 10 
I 
October 
Lagoon 174 1 . 40 200 58 7 . 80 1690 350 190 225 
we ll -1 180 0 . 09 40 13  7 . 20 21 10 550 150 140 
wel l -2 180 0 . 09 80 35 7 . 70 1790 620 390 225 
(Jl 
w 
TABLE B-4 . Results of Ana lyses of Sampl es Coll ected at  the Milbank Lagoon S ite . 
Month and 
Sampl ing Location Parameter 
Chl oride Nitrate COD Phosphate pH Specific  Total Ca l c ium 
mg/l mg/l mg/l mg/l Conductance Hardness Hardness 
pmhos/cm @ 25oc mg/l mg/l 
September 
Lagoon 317 2 . 35 65- 3 . 95 8 . 80 2710 820 340 
Underdra in 309 1 . 35 45 0 . 06 7 . 55 2630 790 320 
October 
Lagoon 305 0 . 72 50 7 . 63 9 . 10 2280 690 380 
Underdra in 292 0 . 17 20 0 . 33 7 . 55 2360 860 430 
November 
Lagoon 323 2 . 74 70 9 . 4  7 . 40 2650 740 210 . 














TABLE C-1 . Ana l ys is of  Variance for the Brookings La goon S ite . 
Chl orides . 
Source Degrees  of  Sum of  Mea n  
Freedom Squares Squares  
Da te 8 55 , 098 . 513  6 , 887 . 314 
Locati on 9 742 , 406 .039 82 , 489 . 560 
Date X Location 66 46 , 289 . 760 701 . 360 
Rema inder 84 1 , 756 .000 20 . 905 
- Tota l Hardness 
. Source Degrees of Sum of  
Da te 
Location 
Da te X L oca tion 
Rema inder 
Freedom Squares 
8 780 , 352 . 254 
9 7 5 , 522 , 744 . 943 
66 2 , 387 , 970 � 635 
84 58 , 557 . 000 
Mea n  
S quares  
97 , 544 . 032 
8 , 391 , 41 6 . 105 
36 , 181 . 373 
697 . 107 
Cal c ium Hardnes s 
S ource Degrees of  Sum of  
Da te 
Loca tion 
Da te X Loca tion 
Rema inder 





448 , 508 . 500 
14 , 41 5 , 588 . 183 
1 , 399 , 100 . 706 
49 , 650 . 000 
Mean  
Squares 
56 ,063 . 563 
1 , 601 ,732 . 020 
21 , 1 98 . 496 ' 
591 . 071  
Sodium 
Source Degrees of  Sum of  Mean  
Freedom S quares Squares  
Da te 8 26 , 616 . 162 3 , 327 . 020 
Loca tion 9 1 , 167 , 025 . 948 129 , 669 . 550 
Da te X L c ca ti on 66 87 , 81 4 . 140 1 , 330 . 517 
Rema inder 84 1 1 , 318 . 000 1 34 . 738 " 
** Signif icance at the one per cent l evel 
F 
329 . 461** 
. 3 ' 945 . 970** 
33 . 550** 
F 
1 3 9 . 927** 
12 , 037 . 484** 
51 . 902** 
F 
94 . 851** 
2 , 70 9 . 879** 
35 . 865** 
F 
24 . 692** 
962 . 382** 
9 . 875-H 
56  
TABLE C-1 . Ana lysis  of  Varianc e  for the Brookings Lagoon S ite , 
c ontinued . 
Nitrate 
Source Degrees of Sum of  Mean F 
Freedom Squares S qu ares 
Date 8 1 9 . 939 2 . 492 1 1 4 . 568** 
Location 9 51 . 567 5 . 730 263 . 376** 
Date X L oca tion 66 78 . 120 1 . 1 85  54 . 462** 
R ema inder 84 1 . 827 0 . 022 
Unfiltered Phospha te 
S ource Degrees of Sum of Mean F 
Freedom Squares S quares 
Da te 8 626 . 0 1 5  78 . 252 69 . 979** 
Loca tion 9 9 , 868 . 632 1 , 096 . 51 5  980 . 596** 
Date X Loca tion 66 4 , 738 . 340 7 1 . 793 64 . 203** 
Rema inder 84 93 . 930 l . l l8 
Fil trate Phosphate 
S ourc e Degrees of  Sum o f  Mean F 
Freedom Squares Squares 
Da te 8 226 . 555 28 . 31 9  120 . 41 5** 
Location 9 5 , 662 . 951 629 . 21 7  2 , 675 . 458** 
Date X L oca tion 66 1 , 436 . 742 21 . 769 92 . 562** 
Rema inder 84 1 9 . 755 0 . 235 
Unfiltered COD 
Sourc e Degrees of Sum of  Mean F 
Freedom Squares Squares 
Date 8 52 , 976 . 835 6 , 622 . 104 85 . 077** 
Location 9 27 , 123 . 862 3 , 013 . 762 38 . 7 1 9** 
Da te X Location 66 61 , 046 . 553 924 . 948 l l . 883** 
Rema inder 84 6 , 538 . 280 77 . 837 
** Signi ficance at the 1% level . 
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TABLE C-1 . Analys is  of  Var iance for the Brookings Lagoon S ite , 
continued . 
· Fil  t ro.te COD 
S ource Degrees o f  Sum o f  Mean 
Freedom Squares S quares 
Da te 8 4 , 325 . 254 540 . 657 
Location 9 10 , 981 . 877 1 , 220 . 209 
Da te X Locati on 66 1 6 , 832 . 652 255 . 040 
Rema inder 84 3 , 525 . 785 41 . 974 
TABLE C-2 .  Ana lys is o f  Variance for the Volga Lagoon S ite . 
Chl oride 
F 
1 2 . 88 1** 
29 . 07 1** 
6 . 076** 
Degrees of Sum of Mean  Source F 
Date 
Location 





8 ·  
1 5  
S ource Degrees o f  
Freedom 
Da te 4 
L ocation 2 
Da te X Loca tion 8 
Rema inder 1 5  
S ource Degrees of 
Freedom 
Date 4 
L oca tion 2 
Date X Loca tion 8 
Rema inder 1 5  
· squares S quare s 
9 , 977 .467 2 , 494 . 367 
1 , 933 .400 966 . 700 
2 , 500 . 933 31 2 . 617 
148 . 500 9 . 900 
Tota l Hardnes s  
Sum of  
Squares 
1 17 , 41 5 . 467 
319 , 855 . 067 
400 , 486 . 933 
14 , 500 . 000 
Mean  
S qu ares 
. 29 , 353 . 867 
1 59 , 942 . 533 
. 50 , 060 . 867 
966 . 667 
Ca l cium Hardnes s 
Sum of  Mean  
Squares S quares 
21 , 636 . 667 5 , 409 . 167 
88 , 335 . 000 . 44 , 1 67 . �00 
6 , 823 . 333 852 . 91 7  
362 . 500 24 . 167 
** S igni f i cance at  the 1% l evel . 
251 . 956** 
97 . 646** 
31 . 577** 
F 
�0 . 366** 
1 65 . 458** 
51 . 787** 
F 
223 . 828** 
1 , 827 . 621** 
35 . 293** 
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TABLE C-2 . Ana lys i s  of  Variance for the Volga Lagoon S i te , 
c ontinued . 
Sodium 
Source Degrees of  Sum of Mean F 
Freedom Squares Squ ares 
Date 4 23 ,796 . 667 ' 5 , 949 . 1 67 21 . 059** 
Location 2 32 , 746 . 667 1 6 , 373 . 333 57 . 959** 
Date X L oca tion 8 20 , 203 . 333 2 , 525 . 417 8 . 940** 
R ema inder 1 5  4 , 237 . 500 282 . 500 
Nitrate 
Source Degrees of Sum of Mean  F 
Freedom Squares Squares 
Da te 4 3 . 636 0 . 909 33 . 006** 
Loca tion 2 9 . 393 4 . 697 170 . 513** 
Da te X Loca tion 8 3 . 547 0 . 443 1 6 . 097** 
Rema inder 1 5  0 . 413 0 . 028 
Unfil tered Phospha te 
Source  Degrees of Sum of MeaJ1 F 
Freedom Squares Squares 
Da te 4 238 . 605 59 . 651  6 1 .462** 
Loca tion 2 2 , 451 . 81 6  1 , 225 . 908 1 , 263 . 124** 
Date X Location 8 541 . 51 5  67 . 689  69 . 744** 
Rema inder 1 5  14 . 558 0 . 97 1  
Fil t ra te Phospha te · 
Sou:rce Degrees of Sum of Mea n  F 
Freedom Squares Squares 
Date 4 7 6 . 518  1 9 . 1 29 254 . 493** 
Location 2 1 , 1 25 . 1 50 562 . 575 7 , 484 . 365** 
Da te X Loca tion 8 148 . 824 18 . 603 247 . 490** 
Rema inder 1 5  1 . 128 0-. 075 
** Significance at the 1% level . 
TABLE C-2 . Ana lys is of Var iance  for the Volga Lagoon Site , 
c ontinued . 
Unf iltered COD 
Source Degrees of Sum of Mean 
Freedom Squares Squares 
Date 4 32 , 024 . 528 8 ;006 . 132 
Loca tion 2 208 , 598 . 313 104 , 299 . 1 56 
Date X Location 8 68 , 654 . 924 8 , 581 . 866 
Rema inder 1 5  1 , 818 . 130 1 21 . 209  
Filtrate COD 
S ource Degrees of Sum of  Mean 
Freedom Squares Squares 
Date 4 3 , 316 . 919 829 . 230 
2 1 , 825 . 605 91 2 . 802 
8 13 , 865 . 355 1 , 733 . 1 69 
Rema inder 1 5  607 . 655 40 . 510  
59 
F 
66 . 052** 
860 . 493** 
70 . 802** 
F 
20 . 470** 
22 . 5.33** 
42 . 783** 
60 
· TABLE C-3 . Ana l ys i s  of Var ia nc e for the Milbank Lagoon S ite . 
Source Degrees of  
Freedom 
Da te 2 
Location 1 
Da te X Location 2 
Rema inder 6 




Date X Lo  ca  ti on 2 
Rema inder 6 
Source Degrees of  
Freedom 
Da te 2 
Loca tion 1 
Da te X Loca ti on 2 
Rema inder 6 
Source Degrees of  
Freedom 
Da te 2 
Location 1 
Da te X Loca tion 2 




981 . 1 67 
225 . 333 
38 . 1 67 
36 . 000 
Mean  
Squares 
490 . 583 
225 . 333 
19 . 083 
6 . 000 
Tota l Hardnes s  
Sum of Mea n  
Squares Squares 
9 , 216 . 667 4 , 608 . 333 
40 , 833 .333 40 , 833 . 333 
30 ,716 . 667 1 5 , 358 . 333 . 
300 .000 50 . 000 
Cal c ium Hardnes s  
Sum of Mea n  
Squares Squares 
40 , 61 6 . 667 20 , 308 . 333 
6 , 075 . 000 6 , 075 . 000 
7 , 350 . 000 3 , 675 . 000 
2 , 050 .000 341 . 667 
S odium 
Sum of Mean 
Squares S quares · 
1 , 066 . 667 533 . 333 
8 . 333 8 . 333 
41 6 . 667 208 . 333 
125 . 000 20 . 833 
.,;. 
* S ignif icance at  the 5% l evel . 
** S ignificance at  the 1% level . 
F 
�3-1 .  764** 
37 . 556** 
3 . 18 1  
F 
92 . 1 67** 
8 1 6 . 667** " 
307 . 167** 
F 
59 . 44** 
17 . 78** 
10 . 76* 
F 
25 . 60** 
0 . 40 
10 . 00* 
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TABLE C-3 . Anal ys is of Varianc e  for the Mil bank Lagoon S ite , 
c ontinued . 
Sourc e Degrees of 
Freedom 
Da te 2 
Location 1 
Date X Loca tion 2 
Rema inder 6 




Date X Loca tion 2 
Rema inder 6 
Source Degrees of 
Freedom 
Da te 2 
Loc a tion 1 
Da te X Loca tion 2 
Rema inder 6 
Source  Degrees of  
Fre edom 
Date 2 
Loc a tion 1 
Da te X Locat ion 2 . 
Rema inder 6 
Nitrates 
Sum of  
Squares 
4 ,. 318  
5 . 307 




2 . 1 59 
5 . 307 
0 . 975 
0 . 0041 67 
Unfilt�red Phosphate 
Sum of  Mean 
Squares Squares  
7 . 822 3 . 91 1  
81 . 1 20 81 . 120 
6 . 755 3 • 378 
48 . 038 8 . 00 6  
Filtrate Phospha te 
Sum of Mea n  
Squares Squares 
7 . 741 3 . 87 1  
100 . 1 67 100 . 1 67 · 
9 . 697 4 . 848 
0 . 00645 0 . 001075 
Unfil tered COD · 
Sum of Mea n  
Squares Squares 
762 . 212  381 . 10 6  
4 , ll0 .701  4 , l l0 . 701 
764 . 312  382 . 1 56 
3 . 805 o . 634 
* S igni f icance a t  the 5% l evel . 
** S igni ficance  at  the 1% level . 
F 
518 . 1** 
1 , 273 . 6** 
233 . 9** 
F 
0 . 488 
1 0 . 1 32* 
0 . 422 
F 
3 , 600 . 5** 
93 , 17 9 . 0** 
4 , 510 . l** 
F 
601 . 1 9** 
6 , 483 . 76** 
602 . 77** 
TABLE C -3 .  Ana l ys is of Variance for the Milbank Lagoon S ite , 
c ontinued . 
F i ltrate COD 
Source Degre es of Sum of Mea n  
Freedom Squares Squares 
Date 2 c 319 . 352 1 59 . 67 6  
Loca ti on 1 575 . 468 575 . 468 
Date X Locati on 2 602 . 205 301 . 103 
Rema inder 6 212 . 245 · 35 . 374 
62 
F 
4 . 51 -
1 6 . 27** 
8 . 51* 
TABLE C-4 .  Ana l ys is of Variance for the Beresford L agoon S ite . 
Chl oride 
Source Degrees of  Sum of  Mea n  
Freedom Squares Squares 
Da te 2 42 . 000 21 . 000 
Loca tion 1 18 . 750 18 . 7 50 
Date X Loca tion 2 56 . 000 28 . 000 
Rema inder 6 21 . 500 3 . 583 
Total Hardness 
Source Degrees of Sum of  Mea n  
Freedom Squares Squares 
Date 2 6 , 016 . 667 3 , 008 . 333 
Location 1 38 , 533 . 333 38 , 533 . 333 
Date X Loca tion 2 16 , 51 6 . 667 8' ' 258 . 333 
Rema inder 6 1 , 100 � 000 183 . 333 
Ca l c ium Hardnes s 
Source Degrees of Sum of Mean  
Freedom Squares Squares 
Date 2 1 36 , 266 . 667 68 , 133 . 333 
Location 1 2 , 700 . 000 2 , 100 . 000 
Date X Loca tion 2 5 , 600 . 000 2 , 800 . 000 
Rema inder 6 600 . 000 100 . 000 
* S ignificance  a t  the 5% l evel . 
� S ignifi canc e a t  the 1% l evel . 
F 
5 . 86* 
5 . 23 
7 . 82* 
F 
' 1 6 . 5** 
210 . 6** 
45 . 1** 
F 
681 . 33** 
27 . 00** 
28 .00** 
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TABLE C-4 . Ana l ysis  of Variance for the Beresford Lagoon S i te ,  
continued . 
Source  Degrees of  
Freedom 
- ! . .  
Da te 2 
Loca tion . 1 
Da te X Loca tion 2 
Rema :l.nder 6 
Source  Degrees  of 
Freedom 
Date 2 
Loca tion 1 
Date X Loca tion 2 
Rema inder 6 
Source Degrees 
Freedom 
Da te 2 
Loca tion 1 
Da te X Loca tion 2 
Rema inder 6 
o f  
Source Degrees of 
Freedom 
Date 2 
Loca tion 1 
Date X Loca tion 2 




2 , 504 . 1 67 
52 . 083 
4 . 1 67 
12 . 5000 
- Nitrate . 
Sum of  
Squares 
1 .452 
0 . 288 
0 . 131 
0 . 0299 
Mean 
Squares 
1 , 252 . 083 
52 .083 




0 . 726 
0 . 2883 
0 . 0656 
0 . 00498 
Unfiltered Phosphate 
Sum of Mean 
Squares Squares 
56 . 142 28 . 07 1  
l 18 . 001  1 1 8 . 00 1  
54 .096 27 .048 
1 . 466 . 0 . 244 
Fil trate Phospha te 
Sum of Mea n  
Squares Squares 
47 . 128 23 . 564 
109 . 929 109 . 929 
49 . l 13 24 .• 556 
0 . 103 0 . 0 172 
* S ignif icanc e  at  the 5% l evel . 
** S ignif icance at  the 1% l evel . 
F 
601 . 10** 
25 . 00** 
1 . 00 
F 
147 . 71** 
57 . 86** 
13 . 1 6** 
F 
1 15 . 3** 
482 . 8** 






TABLE C-4 .  Ana lysi s  o f  Variance for the Beres ford La goon S i te , 
continued . 
Unfiltered COD 
Source Degrees of  Sum of  · Mean  F 
Freedom Squares Squares 
Da te 2 1 , 368 . 792 684 . 396 8 . 13* 
Location 1 7 6 , 400 . 521 76 ,400 . 521 907 . 84** 
Date X Lo'ca tion 2 3 , 103 .042 1 , 551 . 521 1 8 . 44** 
Rema inder 6 504 . 935 84 . 1 56 
Filtrate COD 
Sourc e  Degrees  of Sum of Mean  F 
Freedom Squares Squares 
Date 2 5 , 986 . 972 2 , 993 . 486  1 38 . 6** 
Loca tion 1 36 , 322 . 003 36 , 322 . 003 1 , 682 . 2** 
Da te X Loca ti on 2 6 , 652 . 002 3 , 326 . 001  1 54 . 4** 
Rema inder 6 129 . 550 21 . 592 
TABLE C-5 . Ana l ys is of Variance for the Castlewood Lagoon S i te . 
Source Degrees of  
Fre edom 
Da te 2 
Loca tion 2 
Da te X Location 4 
Rema inder 9 
Source Degrees of 
Freedom 
Date 2 
Loca tion 2 
Da te X Loca tion 4 
Rema inder 9 
Chl oride s 
Sum of 
Squares 
1 , 258 . 1 1 1  
8 , 624 . 778 
6 , 021 .889 
75 . 500 
Tota l Hardness 
Sum o f  
Square s 
98 , 544 .444 
104 , 344 . 444 
15 , 222 . 222 
850 . 000 
* S igni f icance  at  the 5% l evel . 
** S igni f i cance  at  the 1% l evel . 
Mean  
Squares 
629 . 056 
4 , 31 2 . 389  
· 1 , 505 . 472 
8 . 389 
Mea n  
Squares 
49 , 272 . 222 
52 , 172 ! 222 
3 , 805 . 556 
94 . 444 
F 
. · 75 . 2** 
514 . 0** 
179 . 7** 
F 
521 . 73** 
552 . 43** 
40 . 30** 
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TABLE C -5 ! ' Ana l ys is of Variance for the Ca stl ewood Lagoon S ite , 
c ontinued . 
S ource Degrees  of 
Freedom 
Date  2 
Location � 2 
Da te· ·X Lo  ca ti on 4 
Rema inder 9 
Source  Degree s o f  
Freedom 
Da te 2 
Loca tion 2 
Date X Loca ti on 4 
Rema inder 9 
Source Degrees of  
Freedom 
Da te 2 
Location 2 
Da te X Loca tion 4 
Rema inder � 
S ource Degrees 
Freedom 
Date 2 
Loca tion 2 
Da te X Loca ti on 4 
R ema inder 9 
o f  
Ca l cium Hardness 
Sum of 
Squares 
1 2 , 677 . 778 
45 ,Ol l . 1 1 1  
33 , 288 . 889 





22 , 102 . 778 
26 , 172 . 222 




1 . 969 
8 . 821 
6 . 087 
0 . 0476 
Mea n 
Squares 
6 , 338 . 889 
22 , 505 • . 556 
8 , 322 . 222 
. 222 . 222 
Mean 
S quares 
126 . 389 
1 1 , 051 . 389  
6 , 543 . 056 
1 2 . 500 
Mean 
Squares  
0 . 984 
4 .410 
1 . 522 
0 . 00529 
Unfi l tered Phospha te 
Sum of  Mean  
Square s Squares 
942 � 386  471 . 193 
6 , 543 . 106 3 , 271 . 553 
657 . 928 1 64 . 48 2  
181 . 001 20 . 1 1 1  
* S ignif icance at  the 5% level . 
** S ignif icance at the 1% l evel . 
F 
28 . 53** 
101 . 28** 
37 . 45** . 
F 
10 . 1 1** 
884 . 1 1** 
523 . 44** 
F 
1 8 6 . 10** 
833 . 89** 
287 . 74** 
F 
23 . 44** 
1 62 . 68** 
8 . 1 2** 
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TABLE C-5 . Anal ys i s  of  Varianc e  for the Castl ewood La g oon S ite . 
Fil t rate Phosphate 
Source Degrees  of Sum of · Mean  
. freedom Squares Squares 
Date 2 250 . 1 66 1 25 . 083 
Loca tion 2 4 , 386 . 104 2 , 1 93 . 052 
. Date X Loe a ti on 4 439 . 998 l l0 . 000 
Rema inder 9 5 . 218 0 . 580 
Unfil tered COD 
-
Source Degrees of  Sum of Mea n  
Freedom Square s Squares 
Da te I') 51 , 778 . 890 25 , 889 . 449 .:.. 
Loca ti on 2 89 , 429 . 301 44 , 7 14 . 651 
Date X Loca tion 4 1 38 , 567 . 1 60 34 , 641 . 791  
Rema inder 9 582 . 395 64 . 7 1 1  
Filtrate COD 
Source Degrees of Sum of Mea n  
Freedom Squares Squares  
Date 2 3 , 933 . 868 1 , 966 . 934 
Location 2 1 1 , 662 . 614 5 , 831 . 307 
Da te X Location 4 l l , 774 . 816  2 , 943 . 704 
Rema inder 9 283 . 945 31 . 549 
* S igni ficance  at  the 5% leve l . 
** S ignif icance  a t  the 1% l evel . 
F 
215 . 8** 
3 , 782 . 7** 
1 91 . 5** 
F 
400 . 1** 
691 . 0** 
5·35 . 3** 
F 
62 . 3** 
184 . 8** 
93 . 3** 
